Supplemental Materials and Methods
Bacterial growth curves. Bulk cultures were inoculated from glycerol stocks of either E. coli MG1655 or adapted populations into microplate wells containing 100 µL of fresh M9 media with or without corresponding selection pressure. Ampicillin-adapted populations were re-grown in media with 100 μg/mL ampicillin. Tetracycline-adapted populations were re-grown in media with 2 μg/mL tetracycline. Butanol adapted populations were re-grown in media with 0.5% v/v nbutanol. Growth was measured using a Tecan GENios plate reader (Tecan Group Ltd.) with Magellan™ software version 7.2. Absorbance was read at 562 nm and 37⁰C every 20 minutes, with shaking between measurements. To compare optical densities obtained from the microplate reader to those obtained from the Nanodrop, samples of varying optical density were measured on each machine, and used to obtain a conversion factor.
Sequencing data analysis. TopHat version 2.0.6 was applied to map reads to the Ensembl reference files, then the Cufflinks software version 2.1.1 was applied to assemble transcripts (via Cufflinks), combine transcript assembly files (via Cuffmerge), and calculate differential expression (via Cuffdiff). To account for differences in rRNA treatment during sample preparation, the mask option was used to remove the ribosomal RNA transcripts prior to calculating differential expression. Bias correction and multi-read mapping correction options were also applied. As an additional quality check, we compared expression levels obtained from Cufflinks and DESeq (3) to levels obtained from qPCR (Fig. S2) . To investigate differential expression in each of the eight individual sample populations, calculations were performed with partial replicates: two wild type populations considered to be biological replicates were used together to separately analyze each of the additional eight populations. Libraries were normalized by fragments per kilobase of transcript per million mapped reads (FPKM), variance was estimated with a pooled dispersion method, and genes were considered to be significantly DE if P<0.05 and q<0.30. To estimate differential gene expression variability (DV), the coefficient of variation (CV) for adapted and unadapted samples was calculated from the FPKM for each gene. Genes for which FPKM values were flagged by Cufflinks to have low or high data were removed prior to analysis, as were genes with a mean FPKM=0 across any two set of duplicates, and four genes that had FPKM=0 in at least one replicate in all conditions. A twotailed type two Student's t-test was used to compare the CV across three adapted and two unadapted growth conditions. The false discovery rate was controlled with Benjamini and Hochberg's algorithm (4) . Genes were considered significantly DV if P<0.05 and q<0.30.
Furthermore, we examined the differentially expressed genes and transcript abundances for a correlation with distance from the origin, which would indicate that minor differences in optical density at time of sampling are resulting in different growth phases that impact the results of gene expression analysis. We compared the normalized expression values from all differentially expressed genes to their chromosomal position and their absolute distance from the origin. The
Pearson correlation coefficient for chromosomal position versus expression value was -0.010 with a P-value of 0.71. The correlation coefficient for distance from origin versus expression values was -0.023 with a P-value of 0.41. We also examined all genes in each library using FPKM vs chromosomal location or distance from origin, and found no significant correlation between position and transcript abundance for any of the libraries. Pearson correlation coefficients ranged from -0.015 to 0.029 with P-values from 0.066 to 0.95. Thus, all correlation coefficients strongly indicate that differential expression observed in this work cannot be explained by chromosomal position or proximity to the origin. Fig. 1D, Fig. 3D , and File S1), we applied DAVID's functional annotation clustering tool (version 6.8) with the highest classification stringency (9) . In the main text, we report the fold enrichment and the Pvalue from DAVID's EASE score, a more conservative Fisher's exact P-value. For Fig. 1D and 3D, we include the three most enriched functional classifications while in File S1, all unique enriched functional classifications are reported. For DE genes in File S1, we entered the 321 genes identified as significantly differentially under-expressed and the 434 genes significantly overexpressed in at least one of the ampicillin, tetracycline, or n-butanol adapted populations. For variability shifts in Fig. 3D and File S1, we entered 0-10 th percentile of ∆CV, including 418 genes that became more variable, and the 90-100 th percentile, which included 418 genes that became less variable.
Gene ontology classification. For analysis of enriched gene ontology terms (in
Gene ontology information in Fig. 2 was derived from the Ecocyc and EcoliWiki annotation project file, validation date 10/31/2014 (10). We manually simplified the extensive gene ontology list to 27 categories, and allowed each gene to participate in only one category.
CRISRRi plasmid assembly.
A list of plasmids used in this study is provided in Table S1 . The
CRISPRi control plasmid targeting a DNA sequence not present in bacteria, pRFP-i, was first constructed by cloning the sgRNA portion from pgRNA-bacteria (Addgene plasmid 44251) into the pdCas9 vector (Addgene plasmid 44249) (11) . Both plasmids were digested with the restriction enzymes XhoI and BsrBI (New England Biolabs). The 712 bp digestion product from pgRNAbacteria was gel-purified using Zymoclean™ Gel DNA Recovery Kit (Zymo Research Corporation). The 6497 bp digestion product from pdCas9 was also gel-purified in the same fashion. These products were ligated together using T4 DNA ligase (New England Biolabs)
overnight. Ligations were transformed via electroporation into electrocompetent NEB 10-β cells.
Plasmid minipreps were performed using the Zyppy™ Plasmid Miniprep Kit (Zymo Research Corporation). The recovered plasmid was then transformed into chemically competent E. coli MG1655, and a miniprep was again performed and sequenced for validation of correct assembly product (GENEWIZ). A digestion confirmation was also performed by digesting the plasmid with EcoRI (New England Biolabs), in which three distinct bands were identified to confirm the product's assembly. The ultimate plasmid product includes aTc-inducible expression of dCas9, a chloramphenicol resistance marker, a constitutively-expressed sgRNA, and the strong rrnB terminator between the ORFs of dCas9 and sgRNA. Normalized gene expression was calculated according to the 2 -∆∆Cq method(12), using rrsA and gyrA as reference genes, and E. coli carrying a CRISPRi plasmid targeting RFP expression as a control strain (Fig. S5 ). 
Minimum inhibitory concentration (MIC) for

Fluctuation tests. Mutation rates were estimated with fluctuation tests using the method of Luria
and Delbruck (13) . Single colonies of the control and CRISPRi strains from LB agar plates were used to inoculate 1 mL cultures in LB, which were grown for 16 hours at 37⁰C. Cultures were diluted to the same OD600 according to measurements on a Nanodrop 2000. Normalized cultures were each diluted 1:10,000 into thirty parallel 100 μL cultures of M9 minimal media with 40 ng/mL of aTc and 25 μg/mL of chloramphenicol. Cultures were grown for 24 hours at 37⁰C. To determine viable cell counts, 2 μL of each of the 30 cultures per strain were pooled and dilutions were plated on LB agar for CFU analysis. The remaining 98 μL of each culture were plated on LB agar with 100 μg/mL of rifampicin. Colonies on rifampicin plates were counted after 48 hours.
Mutation rates and 95% confidence intervals were determined via the Ma-Sandri-Sarkar maximum-likelihood method (14) , implemented by the FALCOR web tool (15) . Significance was assessed with Student's t-tests using the mutation rates and confidence intervals calculated by FALCOR.
Swarming motility assay. We performed swarming motility assays on semi-solid plates (M9 minimal media with 0.4% glucose and 0.3% agar). We opted to use Keio collection strains (16) and E. coli BW25113 obtained from the Coli Genetic Stock Center resazurin was added to each well. Changes in florescence were monitored in a Tecan Genios (excitation 485 nm, emission 610 nm) in five minute intervals. The slope of the curve was determined using a custom MATLAB script. The most linear slope for each replicate was determined using a sliding window of 5 timepoints and an R 2 value (minimum R 2 value for any replicate was 0.98). Slopes were averaged across the replicates, and two-tailed t-tests were used to compare the slope of the RFP-i control to that of each CRISPRi strain.
Additional software tools and statistical analysis. The 'pca' function from MATLAB version R2014b (The Mathworks, Inc., Natick, MA) was used for principal component analysis (PCA).
Correlation coefficients and PCA were performed on FPKM generated through the Cufflinks pipeline. Genes flagged as having low or high data in any one sample were removed from all samples prior to analysis.
The 'clustergram' function from MATLAB's Bioinformatics toolbox was used to perform hierarchical clustering. Dendrograms were built with a Euclidean distance metric, optimal leaf ordering, and average linkage function.
Box plots were generated and other statistical analysis were performed with OriginPro 9.1 software (OriginLab Corporation, Northampton, MA). To compare variability in unadapted and adapted populations, the CV for each gene across wild type and n-hexane populations was compared to the CV for each gene across ampicillin, tetracycline, and n-butanol adapted populations. Significance was calculated with a two-tailed, type two t-test. To compare variability shifts in essential versus non-essential genes, the |∆CV| was calculated as |CVunadapted -CVadapted|. A two-tailed, type two ttest was used to compare the |∆CV| for 288 essential genes to that for 3828 non-essential genes.
Genes not in the PEC database (http://www.shigen.nig.ac.jp/ecoli/pec/index.jsp) were excluded from this analysis.
The coefficient of variation for unadapted and adapted samples is the mean of FPKM across all unadapted or adapted populations respectively divided by the standard deviations across the same samples.
To examine the function of unknown genes, nucleotide BLAST was executed through NCBI's web interface at http://blast.ncbi.nlm.nih.gov/. We compared sequences from E. coli K12 MG1655
genes to the NCBI Chromosome database with the megablast algorithm (optimized for highly similar sequences).
Supplemental Results & Discussion
Similarities & differences in gene expression levels for tetracycline adapted populations. Using the log2(fold change) values depicted in Fig. 1C , there were 172 genes with ≥2-fold higher expression, and 218 genes with ≥2-fold lower expression in tetracycline population 1 but not 2. There were 235 genes with ≥2-fold higher expression in and 251 genes with ≥2-fold lower expression in tetracycline population 2 but not 1. iraD, which controls σ S levels, was one of the over-expressed genes in population 2. Others included various transporters (dppB, trkG, sdaC) and redox associated genes (cyoABCDE, nuoA).
In both tetracycline populations, 324 genes were ≥2-fold higher and 684 genes were ≥2-fold lower.
Genes over-expressed in tetracycline populations 1 and 2 included the multiple antibiotic ) and twenty-two transcription factors known to regulate the differentially expressed or variable genes (Fig. S4A) . Out of all genes examined, mutations were called in five cases: in fiu and tyrR in ampicillin population 1, in wzc in ampicillin population 2, in entE in butanol population 2, and in tyrR in tetracycline population 2 (Fig. S4B ). We picked 2 colonies from the respective populations and used Sanger sequencing to examine areas of approximately 400 nt, including the called mutation (primers in Table S2 ). In all Role of target genes with unknown function. We applied NCBI's BLAST (18) and performed a literature search to examine potential roles for three genes without a predicted function: the differentially expressed gene yjjZ, and the differentially variable genes yoeD and yehS.
 yjjZ aligns well (100%) with annotated membrane proteins in a variety of Escherichia coli strains. In Shigella species, there is >96% alignment with hypothetical proteins. As mentioned in the main text, computational studies suggest that yjjZ encodes a small RNA (19) .
 yoeD has more than 95% alignment with transposases in E. coli and Shigella species,
Citrobacter rodentium, and Proteus vulgaris.
 yehS has 100% alignment with hypothetical proteins in various E. coli and Shigella species.
Interestingly, a 436 bp portion of the gene has 78% local alignment with DNA polymerase I in Klebsiella oxytoca KONIH1.
